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Abstract 
The results of xenon detector SIGNAL optimization for gamma-ray bursts (GRBs) detection in satellite experiment 
"INTERHELIOPROBE" are presented. We have analyzed GRBs temporal profiles and spectral parameters according to 
Fermi/GBM data and have modeled the xenon detector response, peak count rate and minimum temporal variation intervals for 
typical events of long, short and intermediate GRBs types. Detector deadtime and optimal ADC channel number had obtained. 
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1. Introduction 
Project INTERHELIOPROBE [1] is intended for investigation of the Sun from close distances and out of ecliptic 
locations on heliocentric orbits. SIGNAL will be installed onboard the satellite INTERHELIOPROBE and will 
include Xenon Gamma-Detector (XeGD), digital signal processing unit, platform, case and connectors. XeGD is 
based on cylindrical ionization chamber filled with high-pressure xenon and operating in a pulsed mode [2] - see 
Fig. 1. Scintillation detectors (SD) are surrounding the ionization chamber and providing anticoincidence protection 
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(ACD) from charged particles. Detector will be isolated by the heat-insulating screen from solar radiation direct 
exposure. At the bottom of the XeGD device, there are the digital signal processing unit together with the power 
supply stabilization and voltage transformation one. System of electronics provides the acquisition and processing of 
the information from the detectors. Also it used for data transfer and information exchange with the onboard 
telemetry system. Because of INTERHELIOPROBE spacecraft aimed at the research of the Sun from close 
distances including inner heliosphere, the specialized monitoring and temperature stabilization system provides the 
SIGNAL apparatus operation. Construction elements and other scientific apparatus practically absent in the XeGD 
field of view ~180°. It allows registering not only solar flares from the front surface but also gamma-ray bursts 
(GRBs) by lateral one [3, 6]. 
 
Fig. 1. Xenon gamma-ray spectrometer scheme: 1 – photosensor and anticoincidence scintillation detectors (ACD), 2 - Cylindrical ionization 
chamber, 3- Frisch grid, 4 - Ceramic feed-through, 5 - Anode. 
The gamma-ray bursts (GRBs) are the brightest events in the Metagalaxy. The most of their sources were 
observed at cosmological distances with appropriate redshift zı1. The typical GRBs duration is usually few 
seconds, but part of them lasts from milliseconds up to several minutes. Bursts duration characterized by t90 and t50 
(the time interval of the 90% and 50% event intensity registration correspondingly). The first detailed GRBs 
catalogue was obtained as a result of BATSE experiment onboard the Compton Gamma Ray Observatory (CGRO) 
[4]. This catalogue events data analysis shown that the whole gamma-ray bursts set are separated on the two bursts 
subgroups: short with t90 less than 2 sec and long one lasts longer than 2 sec. In 1999 the subclass of intermediate 
GRBs was first found using data of 1B BATSE catalogue and this subgroup presented in all BATSE catalogues 
analysis results [5, 6]. Also these type events were separated in SWIFT and Fermi/GBM GRBs catalogues [7, 8]. 
Unfortunately, current models do not describe all the peculiarities of gamma-ray bursts characteristics – see [9] for 
example, and only observations of larger amount of GRBs allow clarifying its sources nature and acceleration 
processes details. 
2. Methodology and results 
We have used Fermi/GBM data for typical GRB characteristics definition. GBM is a part of the Fermi satellite 
experiment scientific apparatus [9]. It involves 12 scintillation detectors based on sodium iodide (NaI) and 2 
scintillation detectors consist of the bismuth orthogermanate (BGO). The range of energies registration is from 
several keV to 1 MeV for NaI detectors and from ~ 150 keV up to ~ 30 MeV for BGO ones. 
As the results of BATSE experiment several models were proposed for the gamma-ray bursts energy spectra 
analysis.Mostly GRBs energy spectra are described by Band’s model characterized by Į and ȕ - respectively the 
spectral indexes in the low and high energy ranges and spectral peak energy Epeak(in keV) [4]: 
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Also SBPL (smoothly broken power-law) model used for GRB spectra approximation [4]: 
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Ȝ1 and Ȝ2 are the low- and high-energy spectral indices, Eb is the break energy in keV, and ¨ is the break scale.  
a) b) c) 
Fig. 2. Fermi/GBM events distributions for Band’s model basic spectral parameters (D(a), E(b)and t90 and distribution for SBPL model basic D
and t90 (c).
a) 
 
b) c) 
Fig. 3. The GRBs distribution on flux1024 for various bursts subgroups (short GRB090820027 (a), intermediate GRB100612726 (b), long
GRB090530760 (c)). 
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The characteristics of approximately 1000 bursts were investigated using the international database of GRBs 
circulars [10] and Fermi/GBM Gamma-ray Burst Catalogue [11, 12]. We have constructed events distributions of 
basic spectral parameters and t90 for Band and SBPL models. The detailed analysis of these distributions allowed 
concluding the entire gamma-ray bursts population was observed by Fermi observatory had grouped into more than 
2 subgroups of different duration see Fig. 2. For Band’s model basic spectral parameters and t90 such distributions 
are presented at panel– see Fig.2. The subset of GRBs with the duration of 1.5 - 5 seconds was separated on 
distributions (a) and (b), but such events types is absent in one of corresponded bursts subgroup described by SBPL 
model spectra – see Fig. 2(c). Therefore, the intermediate GRBs should be taken into account by GRBs 
classification on Fermi/GBM data too [8, 15]. 
 
Fig. 4. Intermediate GRB100612726 spectra accordingly Fermi/GBM data (solid line) and results of XeGD modeling (dotted one). 
Then we have analysed GRBs distributions on flux1024 for bursts from Fermi/GBM catalogue [13]. Flux1024 is 
the peak flux from the lower to upper limits of flux integration energy band (nominally 10 keV – 1.5 MeV, 1024ms 
timescale) in photon/(cm2us). The distributions of GRBs on flux1024 for three bursts subgroups (short, intermediate 
and long) are presented at Fig. 3. Analysis of these distributions allows concluding about the mean values of 
flux1024 for all GRB types – see Table 1.  
Table 1. The mean values of flux1024 for various GRB types. 
Name of bursts subgroup Typical flux1024, ( photon/cm2/s ) 
short 5.7±0.9 
intermediate 24.5±5.2 
long 10.3±0.8 
The intermediate GRBs are more intensive accordingly to the mean value of flux1024 analysis. We have used 
intermediate GRB100612726 for estimation of difference in maximum count rate due Fermi/GBM and XeGD 
instruments. This burst spectra in wide channels both accordingly Fermi/GBM data and results of XeGD modeling 
are presented at Fig. 4. The spectral shapes differences caused by these instruments detector response functions 
distinction and data analysis shown the XeGD maximum count rate smaller than Fermi/GBM one. Thus the 
comparison of the individual bursts intensity according to Fermi/GBM data not allow to conclude about their 
relative maximum count rate in XeGD. 
For XeGD possible count rate estimation during various types of GRBs registration, three bursts were taken for 
analysis. We had selected typical events GRB100612726 and GRB090530760 from intermediate and long 
subgroups correspondingly and the extreme spike event GRB090820027of short bursts type. The selected events 
temporal profiles on Fermi/GBM data are shown at Fig. 5, panels a - c. Than these bursts count rate temporal 
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profiles and energy spectra were modeled for XeGD using GEANT4 [16] – see Fig. 5, panels d – f and g – i 
respectively. The comparison of GRB100612726, GRB090530760 and GRB090820027characteristics accordingly 
Fermi/GBM data and results of XeGD modeling are listed in the Table 2. 
The GRB100612726, GRB090530760 and GRB090820027characteristics studying shows the XeGD maximum 
count rate during GRB registration will be ~200 counts per 0.064 s corresponds ~3u103 counts per second. It leads 
to XeGD dead time tdead~10-4 s with triple resource for typical GRB. Also it allows concluding the XeGD 
registration effectiveness is about 4 times lower than one NaI-baseddetector of Fermi /GBM for typical intermediate 
and long GRBs. 
 
  
a)  b) c) 
d) . e)   f)
g)
h)  i)
Fig. 5. Various subgroups of typical GRBs with spectra described by the Band model temporal profiles (by the Fermi/GBM data (intermediate 
GRB100612726 (a), long GRB090530760 (b), short GRB090820027 (c)) and by results of XeGD modeling (intermediate GRB100612726 (d), long
GRB090530760(e), short GRB090820027 (f)))  and spectra (intermediate GRB100612726 (g), long GRB090530760 (h), short  GRB090820027 (i)).
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Table 2. Characteristics of the GRBs shown at Fig. 5.  
Name t90 (s) t90 error (s) 
Flux1024 
(photon/(cm2us) 
Flux1024 error 
(photon/(cm2us) 
Nmax Fermi/GBM 
(counts per 0.064 s) 
Nmax XeGD  
(counts per 0.064 s) 
GRB090820027 
short 1.2 0.2 13.6 0.3 81±9 18±4 
GRB100612726 
intermediate 8.6 3.2 26.1 0.3 235±15 96±10 
GRB090530760 
long 127.6 1.3 10.7 0.2 192±14 173±13 
 
SIGNAL provides the energy resolution of 1.7 ± 0.3% over the gamma-ray line with the energy of 662 keV [2]. It 
corresponds to channel width ~4 keV because of it should be triple smaller at least. Thus 1024 channels ADC will 
be sufficient for photons energy measuring up to ~ 4 MeV.  
3. Conclusion 
We have analyzed GRBs temporal profiles and spectral parameters according to Fermi/GBM data. The xenon 
detector response, peak count rate and minimum temporal variation intervals were modelled for typical events of 
long, short and intermediate GRBs types. The modelling results analysis shown XeGD dead time tdead ~10-4 s with 
triple resource for typical GRB and 1024 channels ADC will be sufficient for photons energy measuring up to 
~4 MeV. Also it allows concluding the XeGD registration effectiveness is about 4 times lower than one NaI-based 
detector of Fermi /GBM for typical intermediate and long GRBs. 
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